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Kaxuu o6parou Berqu KoHcrp)Mpyrorcr uMeHHo
TaKItMtI, KaKr{e oHI,I ecrB? tlro xe HMeHHo BKJTaAII-
Baer B cBoe E3AeJIue ero co3Aarelr, uto6bl 3acra_
BI{Tb eno nporf3BoAHTb AOJTXHOe gcTeTnqecKoe Bne-
sarJrenne? Koporrc.lft orasr 6yAer, HaBepHoe, Ta-




ConpeueHHble aH$opMaquoHHbre rexHoJr orvrr pacqera r,r [poeKTnpoBaHr,rt
crponTeJrbHblx o6letctoB, ocHoBaHHbIe Ha 6hlcrpo pa3BgBaroqrxcfl TexHHqe-
cKI{x [naTQopMax r onepaquoHHhrx cpeAutx KoMnbK)TepoB, rro3BoJrr]or LTHTeH-
CHBHO COBepUeHCTBOBaTb paCqeTHEIe CXeMhI, n0Bhrrtrilr ypoBeHb nx aAer(BaTHO-
cTLr u creneHb KoppelffHocTrr co3AaBaenaofi r\doAeJrfi. B Hacrorulee BpeM.f,'npo-
qe[ypa MoAenl{poBaEvlfl., KaK rlpaBvrJro) peaflr{3yercr Ha ocHoBe MeroAa KoHeq-
Hbrx sJreMeHTon (MK3), noenoJltrouleno. orpa3[Tb H frecrb rpg [poeKTrrrpoBa-
HHn raKrce cneqnQr4r{ecKne MoMeHThr KaK:
t oco6enHocrla coBMecruoro aeQopnanpoBaHrlfl gJreMeHToB cJroxHbrx
rou6nHl{poBaHHbrx cncreM, cocro.f,[Iux Hg crepx(Hefi, rrracrug, o6oloqeK,
MaccHBHEIX TeJI, BaHT I,I TaK AaJIee;
o oco6eHHocrH noBeAeHut noA Harpysrofi KoHcrpyrqnfi co cnoxHofi
crpyKTypofi (asueHrrHBocrb MexaHl{Ko-r€oMerpr,rqecKux xapaKTepncrr,rK B npe-
Aenax 3JIeMeHTa, HEUlHqrIe BbIpe3oB, r'IoJlocrefi, pe6ep xecrKocrH, ToqeqHEIx H
HerpephrBHbrx onop rr r.A.); t
o oco6eHnocrl,t, cBfl3aHHEIe c KoHcrpyrqnefi y3JroB, Kar( rrpaBnJro, xapaK-
TepI'I3yeMhIx pa3nfiqHoft no4atlHBocrrlo npu pa3nnrrHhrx Br,rAax eosAeftcrnufi;
o oco6eHHocrH, cBfl3aHHhle c BI{AoM Hafpyx(e1utrt: cTarr,IqecKoe, Ar{HaMIt-
qecKoe, TeMnepaTypHoe r,r r.A.;
. oco6eHHocrlr, cBt3aHHhIe c yrreroM [poqecca Bo3BeAeHrdr, KotAa Ha or-




o oco6eHuocrrr, cBr3aHHbIe c peonoruqecKrrMrlt cgofictsaMu MorepuZlno
[racrntrHocrb, [on3yqebtr, pen aKcargufl, ycaAKa, a raKxe rperrlnnoo6pasoBa-
HHe, o6ycaanJrH Baloqne "npucnoco6lteMocrb" KoHcrpyrcqnfi ;
o oco6ensocrn )rqera, npu Heo6xoAnuocru, perynnpoBaHu.f, HanprxeH-
no-4eQopMl,rpoBaHHhrM cocrof,HneM orAerrbnbrx KoHcrpyrffr,rBoB tr c?rcreMbr B
rleJroM;
o oco6ensocrn gKcnJlyarallun axropuTMoB orrrnMiulbHoro npoeKTr.rpoBa-
HHA.
K uepequcneHHoMy cnegyer llpprcoBoKynl{Tb orHocnTeJrbHyro npocrory
opraHn3auHu o6uena rnnQopnaaryvrefi c npoeKTr,rpyrcuurMn cr,lcreMaMu, qro rB-
JIfeTCt CJIeACTBITeM KaHOHITT|HOCTE IIpeACTaBneHI,Ifl AaHHEIX B MeTOAe KOHer{-
HbIx gJIeMeHTon. Teu He MeHee, r4 9To oco6enno BeDKHo noMHurb LrHxeHepaM H
HCCneAOBaTentM-npr4KnaAHI{K€lM, MeTOA KOHeqHbrX 9JTeMeHTOB flB[fleTgfl I''HC-
JIeHHIIM, To ecrb upn6nuxeHHbrM MeroAoM MareMaru.recrcnfi Susr,lrcra. Crcagan-
Hoe npeAonpeAe nfler ueo6xo4nMocrb 3nanwt He roJrbKo efo ocHoBHbrx noJro-
xeHHfi ra $opvarlbHbrx npolleAyp, Ho Lr raKprx npu6yroB, KaK cxoAr,rMocrb pe-
IIreHHt, yctofi u r,rBocrb, oIIeHKa rorlnocrl4.
B cnssll c 3TIIM, aBTopbI coqltra ueo6xoAl4MbrM B nepBblx rpex n;raBzu( rtpn-
BecrI,I ocHoBbI MK3, npeAcraBI,IB gTor Marepvtar, c o4Hofi cropoHbr, B Aocra-
ToqHo crpofoM BLIAe (rcpatxo nprlBoAtrct reoper[qecKre ocHosH MKg, AoKa-
3areJlbcrBa ero cxoAuMocrkr, B ToM rrHcJIe H AnA HernHefiHblx 3aAalr), c ,4pyrofi,
6onuunHcrBo reoperuqecKr{x rloJlo}Keurafi cna64urr Qrlsl.luecrcofi cyrb}o Lr
lrpollnnrocTpHpoBarb KoHKperrHhrMI4 qHcneHHbIMLr npHMepal0,.dld, T.e. ocHoBHbre
TeopeTl4rrecK[4e rroJroxeHHfl.r43Ito)KI4Tb c "HH)KeuepHofi" To.IKId 3peHlgln..{,aHHUe
pa3Aenbl MoryT 6nrrr [oJre3HbrMrr KaK HaqI{HzuorrIHM Anfl o3HaKoM rreuilfl c
MK3, TaK 14 cnequaJrucraM, 3aHflTbIM paspa6otxofi co6cteeHHbrx nporpaMrra. B
cBt3I,I c qeM, Ann Har46oree pacnpocrpaHeHnhlx KoHeqHbrx gJreMeHToB npr{Bo-
IflTCfl, MaTpHrIbr X(eCTKOCTT{ B AIJAJfl4TVIqeCKOM BnAe.
B rpetrefi DraBe, rpr lr3noxeHnn aJIropHTMoB pacqera KoHcrpyrqnfi,
y^rnrblBarolr1nx nerusefiHocru p{L3HErx BI,rAoB, o6cyx4arorcr Borrpocbr HcnoJrb-
3oBaHHt MK3 An.r petuenr4fl, 34Aarr perynupoBaHl{t Hanp.DKeHHo-AeQoprraupo-






























































pa3Aen, rlo HaIrIeMy MHeHpIIo, 6y.4et noJIe3HbrM HH)KeHepaM npa pezrnn3agrar
IIpflMbIX IIpOeKTIIbIX 3aAAq, A TaK)Ke HCCneAOBaTeJrrM, 3aHr.TbrM pauHonaJrvt3a-
qHeft KoHctpyKTnBHbIX pe[reHnfi. Marepnan rrepBbrx Tpex rJlaB Moxer 6rns
TaKx(e ucrIoJIb3oBaH npI,I cocraBJreHlru KypcoBoro nsroxdHr.rs MK3.
tlernepreu rnaBa fiocBtlrleHa onucaHHro KaqecrBeHHbrx oco6enuocrefi
rIpoeKTI'Ipyru|I{HX cHcreM, SyHxrluoHupyrcu1HX Ha ocr{oBe rrporpaMMHbrx
cpeAcrB, pezulH3ytoulux MK3. B cesgu c qeM, npHBoAHTcr xapaKTepgcr1Ka
urr{poKo H3BecrHoro IrporpaMMHono KoMrrlreKca JII.y'PA, K co3AaH14ro KoToporo
aB'ropbl HMetor lrprMoe orHoIrIeHI{e. Y.rnrrrsaq onpeAeneHHyro yHprBepcuurb-
HocTb rIpeAcTaBJreHHt unQopu aIIHH B sToM KoMrlneKce, Mo)r(Ho KoHcTaTrdpo-
Barb, qro o3HaKoMJIeHHe c grofi rnasoff o6ecneuur, B rcarcofi-ro Mepe, Bo3-
Mo)KHocrs pa6orr,I c nto6rttra ApyfHM nporpavMHbrM cpeAcrBoM aHaJroruquofi
cMrrcrosofi Ha[paBneHHocrr{. cne4yer raKxe orMerHTb, r{To STOT piBAen
Mo)Ksr paccMarpl{Barbct KaK narrr{AapHoe l,r3JroxeHue HHcrpyKrlua rro pa$ore
c fIK JU4P A. flpane.rleusrtfi Marepla€u, KpoMe roro, rrpeAcraBJrrer HHTepec
Ant cnelll4anHcroB, 3aHq'rbIX co3AaHI,IeM H SKcnJlyaraUHefi cucreM aB'roMarg-
3I4poBaHHoI'o upoeKTLtpoBaHI4t o6rerron crpolrreJlbcrBa, TaK KaK coAepxgT
un$oplaauno o c't'pyKType u SyurcqltoHupoB aHnvr npur(naAHoro nporpaMMHo-
uu$oprvrallnoHHoro o6ecrleqeHufl, 3aAaK)Irleno npgHrlgrrgarrbHo HoByro rexHo-
nofrrlo cTpor4'reJrbHofo rrpoeKTHpoBaHHf 
.
OcHonofi KHHTII aBTopbI ctI[TaK)T rurryro rnaBy. Ee o6reu 3aHHMaeT
6onuuyro qac'rb. 3Aecr, Ha lrrecru rlpeAcraBl4TenbHbrx flpr{Mepax npocJrexHBa-
rcTct Bce gTalrsr raHQopMaqnoHHbIX TexHonoraft pacqeT'a KoHcrpyxqrafi, BKJrro-
qafolll,ae aHarvr: npl4 HtlbIX KoHcrpyrcrHBHbIX petu eunit, cocraBneHge aAeKBar-
HbIX pacqeTHblx cxeM, KOHeTIHO3JIeMeHTHOe MO,4enHpoBaHI{e, peann3allH}O BhI-
tlHcreHl4fi, acnonb3ytottlyro ITK JIHPA, Rn3yurv3aqulo ra o6cyxAeHne pe3ynb-
TATOB.
llp" 3ToM, B IIpHMepax paccMorpeHbr AocraroqHo cnoxHbre rou6uHnpo-
BaHHbIe crrcreMbl, co[porHBJreHne Koropbrx BHe[rHl.lM Ro3Aei4crgugrvt orJlr{qa-
erct selHseiiHblM xapaKTepoM. llo4o6uafl cr4Tya\Hfl o6yclonrdJra Heo6xoAra-
Mocrb nocrpoeHut crlellnanbHbrx HTeparIHoHHbrx iuropHTMoB, no4po6Hoe onu-
caHr4e Koropblx rIpHBeAeHo B HIaBe, c co[poBoxAeHgeM Heo6xo4nMhrMrlr KoM-
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MeHTapufl\trv,. PaccuorpeHHbre 3aAaqn rBJrtrorc.f, [oBoAoM He roJIbKo Anfl Ae-
TaJrbHoro H3)rqeHwfl npauan pa6orbl c fIK JItrJPA, Ho H AJII nocraHoBoK r pe-
urenrnft ApyrHX r{e MeHee cJlox(Hux npo6[eM.
[auuufi pa3Aen Moxer 6urn rroJre3eH KaK oTIbITHbIM cfieqnzulucraM, 3aHfl-
TbIM COBepneHC'TBOBaHLIeM pacqeTHhlx cxeM, TaK H CIIeqUa[UCTaM, OCBapIBaK)-
rrIHM fIK JII,{PA, flocneAHee yrBepxAeHne ocHoBaHo Ha rorra Qaxre, qro B HH-
crpyKTr,rBHbrx MarepuaJrax fIK JIITIPA orcyrcrByrcr no4po6nLle yKa3aHHt rlo
pa6ore Ha KoMnbrorepe, BKrroqarcrur{e orlHcaHlte ncefr TexHo.florvlr kt nocileAo-
BareJrbHo orpaxalouue sranbr QopvtttpoBaHut MoAeJIH, peureHl,Ifl, 3al.aqr, aHa-
Jrr{3a pe3ynbraroB. flosroruy 3Ta qacrb, B orlpeAeneusofi crerleHu, AorIoJIHter
r{HcrpyKrlnro tIK JII4PA. B ro xe BpeMr oHa Moxer rellb B ocHoBy H3nox(eHnfl
rrypca IIK JII,'IPA n eucruux yue6nrtx 3aBeAeHH.nx.
Tarcnv o6pasovr, Hacroflrrlar pa6ora HocIiIT KoMtlreKc.nuft xapaloep lt Mo-
xer paccMarpuBarbcr KaK yqe6noe u cilpaBorrHoe uoco6ne Ant nHxeHepoB H
cryAeHToe. HayqHbre pa6orHuKn,3anflTble 3arpoHyrblMu e Hefr npo6nerraaMrr, vI
pa:pa6orquKu coorBercrByrouero np[KnaAHoro flporpaMMl{oro o6ecneqeHuq
TaKx(e vafi.ayr 3Aecb gnq ce6s, rro HaIueMy MHeHHIo, [one3Hylo r,rHQopnaal{Hto.
B sarnrcqeH[e aBTopbr Bbrpa]Karor 6laroAapHocrb 3a rIoHraMaH]Ie, Tepna-
MOCTb I4 TBOprteCKOe OTHOIIIeHI,Ie peqeH3eHTaM KHHI.I'I: AeftCrnI'ITerIbHOMy qneHy
PoccrEfrcxofr ATaAeMHH crpouTeJrbHbrx HayK H apxnrelffypbl, AoKTopy rexHH-
qecKux HayK, npoQeccopy HrEKoJraK) I4naHoeuvy KapueHKo v 3acny)KeHHoMy
Ae{Tenrc Hayr(H H TexHrrxu Yrpar,rHbl, naypeary focy.rlapcrBeHHofi nper',rrEpr Yr-
par{Hbr n o6lacrr{ HayKH ta rexHr4lrla, naypeaay npeMHH HAHy HM. aKaAeMHKa








































l-naea 1. CoepemeHHafl xapaKmepucmuKa memoda KoHeqHbtx gneMeHmoa
f"rra na l. coBPEMEHHA-fl xAPAIffEPr.rcrrrKA METOAA
KOHEIIHbIX SJIEMEHTOB
1. I - OcsoBnbre rroJro2reHnfl
MeroA KoHeq HbIX 3leMeHToB MK3 f25,3 4,62,63,64,66,68] paccMarpr{Ba-
ercfl HH)KO n Qoprnre nepeMeuleuufr, T.e. An.fl cJryqaeB, Kot'Aa HcKoMofi paspe-
uraroqefi Qynxqelefi clyxl4T repeMerrleHr{e. ?'ro Bbr3BaHo reM, qro sH6op pac-
qersofr cxeMbl gnr MK3 n nepeMelqenlrrx Jrerr(o noAA aercr anropr,rrMu3arlnil,
.i
a rlpaKTl{qecKoe ucr[oJlb3oBaHue MKD HeMbIcJrHMo 6es npraMeHeHr{r coBpeMeH-
Hbrx KoMnbroTepoB.
Kpaijnue 3afta'ur MexaHHKH B oleparopHoM BuAe 3arrlrcbrBarorcfl TaK:
Au=-(Bu\r,DBu 
- f . (t.l)
Ceoficrna AI{$$epeHIII,ralbHoro onepaTop a A Nu 3aAaq MexaHraKu (uolo-
)I(I4Te[bHzrt onpeAeJreHHocrb, caMoconptxeHHoctr) no3BoJrmor ocyqecrBgTb
Bapl{aqHoHHyrc IrocraHoBKy gTl,rx 3aAaq, T.e. 3aMeHHTb saAaLry peureHr{r AH$-
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3ro 3HarIHT, r{To 3Haqeunfl u AocraBflgrorrlne Mr{Hr{MyM QyHrqnoHiury(I.2), B To x(e BpeMt flBJl{}orcfl r 
.perueHneM crrcrervrrr (I.I). BaprEaqnoHHar flo-
cTaHoBKA 3AAaq.I.I AMeeT OrlpeAeneHHhre npeHMyrrlecrBa, KoTopbre BhrTeKaloT u3
ToI-o, rrro IIoptAoK AuQQepeHIIHuuIbHoro oreparopa noHlu(aercr n 2 paza. Or-
crcAa co3A€lrorct ycnoBu,s 6oree ylo6noro SopMynr,rpo BaHHfl r-paHlrrrHrrx ycno-
ewit, cMtrqeHHbIX rpe6onawwit K KoopAuHarHbrna {yHrcqusM n 6onee npocroro
[peAcraBJlenrrt pa3HocrHhlx Bblpaxenuit. llcnonueys o6osuaqeHHr MexaHHKH
QyurcqrloHaJr (1.2) MoxHo npeAcraBurb B Br,tAe
I (u) 
-fI -W Ifr"aa -
o
Ir
= ; Je' odC) -o(,
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